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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable mainly a nitride 
semiconductor device such as an LED or an LD to be 
enhanced in output power, which is reduced both in Vf and 
in threshold, and improved in reliability. 
SOLUTION: A first nitride semiconductor layer 3 which 
contains n-type impurities as much as 1x1017/cm3 or 
below, a second nitride semiconductor layer 4 which 
contains n-type impurities as much as 1x1018/cm3 or 
above, and a third nitride semiconductor layer 5 which 
contains 1>c1017/cm3 or below are successively provided 
between a substrate 1 and an active layer 6. and an n-side 
electrode IS formed on the second nitride semiconductor 
layer 4. The first and the third semiconductor layers. 3 and 
0. are low in n-type impurity concentration, so that they 
serve as base layers of good crystallinity. and the second 
layer 4 of high n-type impurity concentration can be grown 
on the first layer 3 of high crystallinity. while keeping high 
crystallinity. r- b e 
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nm?Fnmi)^ l x l O > ^/c mSUTtom 1 comim^r 

IW*Jit s nWPFmVUifiS X 1 0>8/c m3m±<om2 

COg'ft?*!*^*;! i: , n 1 X 1 0 > 7 /- c m3 

[ if*^ 2 3 fiiEm 2 c^g'ftiii^j^flt^tc n rn^mm 

**5X 1 0•8/cIn3J3l±h'-r$i^•CV^|,^li:^:1ta 

im^m 3 ] mfiem 3 coM^t;!^^f*ii<7)MJ?*^ 0 . 

5 u m JaTT* & i i: S-!|ta •t&mtm 1 Xt4 2 tclB 
[00011 

[]S^±iOflJfflii-if] 2t:||H^{Sg'fb!t!3^««s ( I nxA 
l,Ga,.,.,N, OSX. OSY, X+YS 1 ) J: 0=5:0. 

[0002] 

D, ♦feLEDt LT, f5t(c;7;t';*7-LED7-'-f 

MT^ffl-fk^tT-TV^a. C:<X/?>OLED5!l?Ji;«2|se«J 

S i H-rGaNJ:0=5r2>ni!|3y:5'i? hSt, m-S 
^#FtiJtc7)l nGaNJ:0=3r&vSttili:, MsV-y' 
A 1 GaNj:O^&pffl0^9-y h'St. MgH-rGa 

WLTiiO, 2 0inAlCt>V>T. ?bfel*:ft4 5 0 nm<35 
WfeLEDTSmW, j'HiPfi^^Xfl^g. 1%, 5 2 On 
mCOlifeLEDrSmW, J^HSPfi^Sft^e. 3%t^^St 

[00 0 33 tt:, *aiilA«c:<o«!pfS:fflv^-r>'-«;u:^ 
mST- SigT<7)4 1 0 nmOU-1f^S$-S#T'l!DJ6 
TI^LJt{W;i{f, Jpn. J. Appl.Phys. 35(1996)174, Jp 
n . J . Appl . Phys. 35 (1996) L217^} . H <0 U-^mf-ii . 

I nGaN$-fflV>;t^aa^#F«jt (MQW: Multi- 
Quantum- Well) ff)-tS&mi:^^yyjU'^7-^W&i: 

fflSsieiomA. mmsMmma. ikAXcmK a 

^hU-i^X 1996^12^2B-^ SffMfg, Appl.Phys.L 
ett.69(1996)3034-, Appl .Phys. Lett.69(19%)4056- 

m). c:«OL'-ifig^»i2 0'Clct5V^-c, ^HSJ^SS 

3. 6kA/cm^ @0fiimff5. 5V, 1. 5 mWai:^J 
tcfcl^T. 2 7B#Sc03Si^%fiSr^-r. 
[0004] 



[ LJ:-3t-rsi!S]^:wj:3 iz^^wm 

L E D TKl^llffl^k^ ft , L D T'tigc-f-KJiSI:^:*^' h 

^7tfIELEDSg^{i2 0mAtC*3V^TVf *<3. 

6V5a<AS. vf S:§/i,icT{f&c:tl;:<i:0, ^^^0 
fiB?yi*«:i'-=6r<'5:-5T, ^i!Stt*«|6l±^* . ii^W— T 

±i:LTLED, LD^Og-ft!^!)^^^* 

[0005] 

( 1 ) ~ ( 3 ) <mmzx ^^%^^mL'th:itt/ix 

1 X 1 0 1 7/c mmT<nf^ 1 Og-fkl^l^*^ 

nM^*^tl*53x 1 0'8/cm3Iil±<7)||2<7)g'fb 
!RO^«tJli:. nS:f*E%*n X 1 O^t/c mmTcO 
W, 3 <0g-ft;!B!^3«*:iB i: ^ * L . frie^ 2 iO^-ftft^f^^ 

[0006] (2) Mie^2<0g-fl:*t!liii^#:JilCnS 
:i^S6%*^5x 1 0'«/cm3j;UiK-rSfLTV>SC:i: 

Srimsfc-rsirna ( i ) <izms.<r>mtwmw9i£>^ 
"If-, 

(3) f>riem3<oMfl:!|%i^*ii<bigj?*«o. SAtm 
[iXTX'hh z t ^nmt-rtmi ( i ) x»i ( 2 ) izm 

[ 0 0 0 7 ] 0 , *56B8{±±ie£7)ia< , nm<of^ 
1, ig2arxii3co^<b!^¥««t;iconM^*«!i^!jfflig^ 

b-fh^t ■C'Jii:fr|6l«£E«0igTS: i 0 .^4? 5 C: i: *^ 
[0008] 

[3*BH<0|I5SC0)B.«] Illc7)g-fb!il^«t;i(±, nM:^ 
tfiilUWeSrlxiOi^/cm'WT, »^L<(i: 5X 
1 0»6/cm3mTi:Lr>'h'-rT't J:^.^. C:c7)J:3 
n M^i^WiSSr/h S < f ■!> i: , n M^*iE!BJi8S<^g 

V \m 2 <os^k!i*i^«cJi srss 1 (^mLwrnv^miL^zm 
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1 0 0 0 9 ] HI (omim^mii^mii, tmti>^^-y y 

rJli OSia. M;ttf 9 0 OX:~l i 0 O'CTm^^ 

it. I nxA IvGai-x-yN (O^X. OSY, X+YS 
iftt<tiGaN, X<i*^'0. 2UlTtfOA IxGai-xN 

t)JlJl"C)«:^$-ti:, ii^O. l/xmJ.:Lh2 0xxmJaT«0 

10 0 10] ^2co^im¥^mi¥Sc7)nm^mim& 

ti, 3X 1 0'8/cm3JjUi. Sf^t<«i:5xiOi8/ 
cm3feLh. J:0»*t<tt8xi 0»9/cm3feLhfc:-f 

m»=&Hi<oM^b!B!)^ft:ii±(c?^«$<xi.<^-C\ a« 

icj^fi£-r*vii:**T'^.g., w,2<r)'m.^^^mwm<r)nm. 

LTlSfttt3Wl<^r»)-rri.lS#f: LT{±5 x 1 0"/ 
[00 11] ^/cm2<7)M'fb!Bj¥^#:«{i. 

tc^s t^2<^^itwmwm<n^mis.i)-±^<^j:'>x 

htmz. mz^it^m<r>^\'^m=Fti^mmx'^h, im 
=Fmmb^?>^izimw!rt:m^-thmim¥^i¥m 

1 0 0;i->'^';^ hn-AKlT, S ^izMt L< 

yxha-j^]HTi,zmm-h. ^ (yi,zmt&^mm<r>m 
nmpfwe^ir^mv-ytxi^B:^^, 

«H20S-fl:^S^»«cJISrSV^tc;>'N-y H^^ -y 7'x^^;U 
(f5x 1 0'8/-cm3J3l±K-r^|,C:i:**M^U<. 

(00121 ^2 cos-fbiHi^sifWBtm 1 ffmmi^ 



Wmtnmz, I nxAlyOai-x-yN (OSX, OS 

Y. x+Y^ 1 ) x-m^x'^. ^(^mmm^zwio i,<r>x' 

Ji^V^*<, »SL<{iGaN, Xffi*<0. 2mTOAlx 
G a , -x N k -^-ft i: Sa5:|ffi<%J'-^r V^g.fk«ji|i3lflt®*« 
t§^>ix^-rv\ t<^Tii^i^*^ n®Ei 

2:J^^&Ji-C'S>S<0T'l /xmia±2 0//mJaT<7))^ 
X'^^^-^Ztim.^ U^. 
[0013] ll3<7)^-(l:1?!l¥^ftiIcOnM^^?*;?fiS 
{i, 1 X 1 OiT/cm^JaT. »*L<Ji 5xl0'6 

M^^*^*I^i«s:/J^$ < -r t , m 3 eoM<t*ii^i*®<^ 

^(^JS^<7)J:»'^m3c7)M^b!|«!l^ 
??flcB±tcvSttii$-m-r4 1 JSatt i < JBfig-r s k 

[0014] m3(n^^m^\^^m(^Wimi.. 0. 5ui 

mOT. iffilLV^Ji/ltiO. 2wmti.T, $ A>IC«^ L 
±Si<ni.o\,Znm?{Wk<r>Y--rm.ifil x 1 0»7/cm 

mTX'hh(r)x\ mmti^m2<r>mm^wmi.z)ic 
mLxn<. m3<r>mim^wmiwm<r>mx'^m- 
htmi.zvfm/mm.mti'^is:fLfiz<\^m.mzh'o. ± 

[0015] sitcm3 co^-fk!i%)*##=a«4m 1 com^m 
tfi. w.3(n^^wmwm^mmx'^^^^hhm-n^ 

[00 16] l|3<7)^<t;*S)^»:fl5tlSl&l/^IS2<?) 
S<biW^«t«k|S|«iwI nxA lyGa,.x-yN (0^ 
X. 0 ^Y, X+YS 1 ) Xim.X'% . ^<0fflfig«4!»tcra^ 
t>«OT'«^V^*^, »^ L < G a N . Xffl«<0 . 2 
<0A lxGa,.xN. ^7t«4Y<l*J0. llilTcOInyGa 

i-y N t-rs \:.^^'Kmy}^*£\>!m»&^^mi^%t:, 

iX^-^\^, I nGaNS-^*$-«i:|.i;, •?-cO±lC:A 1 S: 

h. 

[0017] t.tzifWm.^\-^X . SI 1 <7)M'(t:«*i*»f<s 
SS2<oa^kiB!|i|i»«cJli:> lg3<0S^bi|*I^*® 
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i>mfhtl. mmSi. Ge, Sn, S^*<W?> 
[0019] 2|s:%Hfi|-er>-H-rt?)§-fk!K!l^|i^{*:®t{i 

[00 20] ^/c*^B^^c*3v^•c, mmtmsmicom. 
im^mi¥mt<7i^iz. m i cosim^mi^mx o 

rmitmtiiA IN, GaN, A 1 GaN^iS:4 0 CC 
~9 0 0X:tcteV>T. 0. 5//mOT<0KJPT^*S-^ 

10 0 2 11 *f6BH<0%3t^^T{i, ?gjtJifcS«i:<^ 

m2<7)M^t!|S!|iti^i!(:jis-*sattj: <gSft§-^a^^j6t;r 

>'F-rtL<(SnS^^!t5)Srii'-=5r< b'-rLTV^&. 

[0022] mz^3cr>mim^t^miim i co^-tL^ 

[0023] :^%mz}i\.^X , vStt;i<i r n 
H-r<0g^t!|4l¥««s, »t t < {i I n G a N J: 0 

[0024] *j|BBiofBt«i=^s:fli^f s-ecoffiioe 



ii^L^^miZtHzm^$ti^j:\'^. 
[0025] 

[^tt^m immm i ] q i 

[0026] -t7r-fr (C®) J:0=6rSa«l$-Rje 
S5rS£L^:*i4>, S^cOiaSS: 10 5 Or^TiS^ 

ffi, X ( M g A 1 2 O, ) (?) J: -3 :5riffiiS1±«OS«c7) 
flfi, S i C (6H, 4 H, BCSr-grtr) , S i . Zn 
O. GaAs, GaN^<?)iJi««£S«5:fflV%*Cli:*i-C' 

[0027] (A»/7Te2) i^V^T, iaK?r5 lox: 
^t-Ttf, ^-V'JT^'XtC*^, mn^Xi,ZTy^-T 
fcTMG ( hy^^;l^;>!fi;'>A) i:5rfflV\ S«l±tc 
G a N J: 0 7 tJB 2 2 0 0 :t V^'X h n- 

[0028] (mitfOM-(t:!|%l^«tt®3) A.y7r®2 
TMG(0;^±ibX . iSSSr 1 0 5 OX:tT±W 

^•tiri., 1 0 5ox:ic;^oit^>, PIl::.<Mf4;y;?.{::TM 

G, Ty=(:~7:^:^im\'K TV K-7*Ga N i O^S 
^ 1 Og-ftllJ^WciS 3 1 . 5u iTKOfflUPT'figRS-* 

[0 0 29] {f^2</)mitwmi^m4) m^^x 105 

0*CT\ |3lt<M^XfXtCTMG, Ty=f:=.T/fX. ^ 
^!tJ!l;<fXlc:>-7>-;<fX$:fflV>, S i S: 5 x l O's/c m 
3 F-rL^^G a N J: <0'khm2(7)mim^^m 3 S: 

[0 030] imscomm^i^ms ) (Xizi^^ y/f 

X<7);^i:±ib, 1 050°CT|5]^tc;LTT>'h'-rGa 
NiO^SmBOS-fbifillit^filtilSSrO. 15;umOK 

[003 1] (^gtt;i6) iXl-, SJSSrSOO'CCiL 
n no.i5Gao.86NJi$-305r>^XhO-A<7))PJI 

[0 0 32] (pffl!I^7.y h')17) iXtc;, iSSSrl 05 
OrtCiff, TMG, TMA. TVt-r, Cp2Mg 

1X1 02»/ciD3K-rU7t:p£'A Jo.iGao.gNJrO 
^rapfflS^'7-y H®7SrO. 1 /im<0)^T'^:gS-ti: 

-&tfM-ft!R!l¥SSf*, ff^L<J±A l,Ga,.,N (0<Y 
<1 ) 5r«:^S-e&C:i:*-'Ii*L<. l£ft1t<0^t^Ji$: 
^J^^-^htzMzinmifiO ■ 3iaT<OA l , G aj.v N 
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[0033] {p|B!l^>'^'^'^J18)^V^T105 0'C 

TMG, r>=t—T. Cp2MgS:fflV^, MgSrl 
X 1 O^o/ctf H-TLTtpSGaNi "J^rS pffljnv 
:J'^'hJi85:0. 1 jumO)KJIT'«:S$-fr2.. pM^y 
^^'hB8t> I n,A lyGa,.x-vN (OSX. OSY. X 

+YS 1 ) vm^x'tf, ^<omm.imi,z^oij<7)X'ii^j: 
[0034] m^imTik. iassr^s* t-w. $ '^tc 

g«1?H§%+. -^xWNSrRiE^rttcfcv^-C. 7 00 

[0035] r-- y y^^f*, n^x wn^ri5Ss*>';> 

ffiOttSL. :g:±Jitf0pffla3>'^';7h;i8i0aS{c;Bt^<7) 
Jgt5cOV;2.;?SrJg^L, RIE (RJEtt-f ^VXy 

SISrpffl!l3>'^^'hJHffl!*>'^.x.yf->':/S:ffv^, 
0 1 {c^-r J: 0 tcm2<0Sfl:!fij^|iSlf*S4<^ES:Saj 

[00 36] x.y^:^^^it, m±mi>zh&pm^>i'i' 

hm<r)im-^mizmM.2 0 0 :ty-!^Xh^:i-M.coN i fc 
AuSr^tfS7t14<7)p^9i:. -5-<7)pl;ai9cO±tC;J< 
V-f ^ y^ffl<7)Au J; 0=Srl> p^'^'-y HSffil OSrO . 5 

fzf^ 2 <r)m^m^mt^m a <r>^w.z.\i^ t m Sr-t-o n 

®6il l&m-ri>. Sf*lCpm«i9C0^®$r»Pf& 
/ii^lc S i O2 J: 0=5:«.«feSIK 1 2 2:0 1 ic^-T J: 0 

0//inft<?DLED^^-i:-r&, 

[0037] :L<n^hti^ L E DS^co)i|l:tri6]mffi ( v 
f ) fcll:^|6i^ffi (If) <rm^k.. g!3fcoLEDST 
<OVf i: I f<7)MfS$rJtSR-r«>^v:46. S3(c-5-<7)P§f^S: 
^LJt. «e3R<?5LEDS5^i: UTti, 2 0mAC*5V% 

4 SOnmcoWfe^Sr^L. -y-^r-f TS^±tr 
GaNJ:')^.|»''^-y7T®i:, S i 2:2 x 1 Qis/cm 
»H-rL7tGaNJ:»3^rSnfie|3>':J'^hSt, m- 
fi^#F^jt<7)i nGaNiO^SvSttUt, m%Y- 
7"A 1 GaNJ:0'5ri.pffll:?7-x HJit, MgK-rG 
aN J: O^r&PflBn^:?^ hJBfc*«)«t::«B$<ifcfi!* 
cO«fe«3tLED2rfflv^fo. 

[0038] -eoSSa. HSfi^HKOLEDIg^ (H3«0 
9^ya) {i, fi!*(OLED5g^ (a3<09-f Vb) \,Z 
Jf^., 2 0inA{C*J»t'l)Vf T-0. 4 — 0. 5V, 
T'5%~1 0%l6]±t. I f 7&*±#UTtVf<7)±#{i 

TVf 3!)<^L<<5TUTV^i)C:fc*<i)*»a. -5 
VtwtJttSU-^'SSSti, 0. l*iA*?»L*«5:3&»o 



[0 039] [IIMW2] SlifiWIHCt3V%T. mi<0^ 
•(L!ia4^f*:Ji3tCS i Sri X 1 0'7/cm3 H-7*L, 
%2(r)'mimmfmA\^S l SrSx l 0>8/cm3 H 

iz^j—^mmfm^-thi^o^iztotz. aj^jjinjewi 
[0040] [.mm.m3-\m&m\f,zii\^x.'^3<nm. 

-fM^fts^StCS i $: 1 X 1 0>T/cm3 K-rL, 
|g2<0S'fb!8!l^«cJS4fc:S i $-8X 1 0'8/cm3 H 

-r ig 1 cog-fkn^flcJi 3 {ir V K-r t Ltz^ 

{Ui'lSl^Ttift-^Jt*^, HSfiCTl t=Jt^S i ^SB3(?)S 

•ft^^j^^frii 5 ic^ < H -r L/C ^c*^ , *^ 4> 
lc'J-^'«8i[*«f6^-t«.ia{c=5:-5Jt. l±i:>jt4IIJiiMl 

[004 1 ] mmmA'\mMm\nzii\^x.mi<r>m. 
Wi^wm3mfw, 3 £7)g^ti4!i^<*5B 5 f,zifi^ix 

S iSr8x 1 0»6/cm3H-rLJtfl!!«|3I«tcLT« 

0, ^l&I/IS3<Og-(t:?5!l^«JJl<5DnM:^|ie?*imS2: 
ii'^^:< L«:Jt4^U-^'f|g£t>Syfifi«Jl fc|BI«lc«i:Aif 

[0042] [^MW 5 ] HifeOT 1 tCt>V>T . ^3<r)'M. 

im^wm5^^^{z. assrsoo-awLTTM 
G, TM I , ry=^-rim\^. ry^-yi no.osG 

ao. 95N® Sr 2 0 0::^y^^Xhti-Acr>mmX'!S.^^-t 

hmammm 1 1 isi^ic LXLEom^intztz^. 

[0043] immm 6 ] la 2 li^^sBjofliKoiisfiWic 

-^±(r>^mnmzmm::fi^x'mT^msi Ltzmcnm 
jt?:^-rtco-cj>s. vxf^<r>mm^mzmm(>i.zr> 
^^xm^F^h. 

[0044] -1^-7 r-fT(Cffi) J;0=SrSa«2 0co± 

ic, mm\\tnmzLx^<'"jyrm2ii2oo:^y 
[0045] (micr>mitm¥mi¥m22) J<yyrm 

20^*f^« iajKSrl 0 20*Ctr±#S-<i-, 1020 
X;icteV^T, T^-F-rGaNJ: 0^:6111 <0g-(t;1l)# 

[0046] {m2ff)S.itmm^m2 3) m^-^x. 1 

0 2 0X;T^!fU;yxtCv'7y;!fX$-fflV\ Si«:5x 

1 0'«/cm3h--rL.7tnMGaNJ; 0^Sm2«OS 
-ftil^I^^lftsa 2 2 2: 3 m(OfmX'^^$^h. 

[0047] (m3<7)mitwmt^m24)mz,ia& 
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t:800X:iCl,X. TMG. TM I , T^^-T^rm 

i^^mWm2A $r 5 0 0ify^XVu-J^<7)^X^3: 

[0048] (n®J^'7 yKJ12 5) JiiJttiaKSrl 02 
OX:icLt:, JS?4X?XCTMA, TMG. NH3. Si 
H4$rffl^%. SiS:lxlOi7/cin3K-rLy::nSAl 
o.25Gao.75NJi4 07r>':5^Xho-At. T>'H-r 
GaNJi4 05j->'^^;^ho— AtS:3SlC4 OJf-roS 

[0049] (nfflBfc;<f'f HB26) SIV^T. 1020 
•CTS i ^ 1 X 1 019/ctf K-7*U7tnSGaNJ: 0 
^rl> n ffi!l3feXf ^ H®26S:0. 2;u mff)m9.X'^^^-^ 
S. Z(7)ntm^-t KJi2 6«. vSttJi<03tjy^ 
L-T-f^fflL, GaN, I nGaNtrffi:^?-^^::^?!^!! 
liL-<, ji«l 0 0Ji->^^XbD-A~5A(in. $<otC 
t < « 2 0 0 :t V^^;^ h n-Ji.- 1 m mfOffiyST^ 

[0050] («ttii2 7) ia^jTSOO-CfcLT, t 

•fS i K-n no. 2Gao.8NJ:'9'5rl.#FJi^2 5:4- 

iti:^'it^-^^<0?f.Tm—iSi&X\ Si K-n no. 01 
G ao. 99 N J: O^-SKIgilSr 5 0 h a-Ac7)M 

[005 1] (Pffl)^+ yr®28) iJctc:, iasi&i 0 
20X:(CLT. TMG, TMA, T>=^—T. CpjM 

MgJ-lx lO^/cmSK— TUJtAlj.aGa 
0 . 7 N J: 0 ^ P (ail=¥ ^ -y r Jl 2 8 5r 3 0 0 3t y h 
o-Ac7))K;gT-^*$-<i-&. C:<0p(B!l^-vyrJl2 8{i 

pffl!l^-vyr®2 8c7)KJ¥tiO. IjumUlT. ^^^tcif 
*L<«5 0 0:t:^^^;^ho-AmT. St»*L<{± 
300Jfi^^Xho-AJilTtCiS^-rS. 0. lumX 
OffV^^T'^*$-ti,t, Pll^^-yra2 84'tc:5' 

1 <Offl«it*«:*:§ A 1 G a NSf|< Jg^f «. L D3R 
^^{i3%lSL^<>5:i.. PJ;t{f. Yfii*<0. 2I-:UicoA 

1 y G a, HX'S>iXi£5 0 0 Jj- Vj?";^ h o-AJJlTtCp 
lFtS::fc**atU\ pffll#+ yrJi2 8Olg!l5c0T 
RSJil^tRR^L^v^A^ 1 0 3j->'^^;^ho-AiJU:<0K 

mx'mm-thztfjmtu\ 

[00 5 2] (pm^:^-^ Vm29) m^'X. 10 20 



•CT. M«g:lxlO»8/ciiPH-rL3tGaNJ:>)5: 

SpWtJ^f'f F®26SrO. 2x/ mcO^T'^#^-ti- 

C:<?)pffl93t;<f^ KiS2 9<i. nfflBtX^-f FS2 6i: 
|plt<, «ttB<03t;'!r'f HSiiLTf^fflL. GaN, I 
nGaiNi:^^^-\ttZttmtL<. 51^1 OO^TV 
^^Xhn-A-5.uin, $t>t;:jaF^ L<{42 OOjj-V-^^ 

^\ ^Srfow^OpffiJJtXf-f KJlti. pS^t$%^h'-rL 

[005 3] (pW^'5 yH;i3 0) glV^r, 10 20 
•CtCfel^^tMgS: 1 X 1 O^o/co^ H-T-L/cpSA 1 
o.2sGao.75N«4 0:t>'^^Xho-Ai:. TV-H-r 
GaNJi4 0Jl->'?^;^ho-Ai:$-3c5lc4 O^fom 
® L^vTiSiai'WJt i 0 Pfflll:? 7 y H/i 3 0 Srj£;g$ 
•ti-S. i<^pffll:?7 y KJi{4nfflS^'7 yKJifcRt<=^r 

[0054] (p(g!|n>:J'^h;i3 1 ) fif*{c. pfflllc? 
9-yb'«3 0<0±C, 1 0 50'CT*Mg^2x 1 O^"/ 
ci!i3K-rL/cGaNJ:>5=5r?.pll3>':J'^'h-)i3 IS: 
1 5 0^>:?'Xh\o-M.<r>mmX'^M:^-th . 

[0055] Rmmj^k. iaSSr^ia^ -C-Tff , $ i^lc: 
^^l?HM+, •>x->'N$r^^g|*H-t>V>t:. 7 00 
X:X'T-- V >-i/^^tV\ pM^«!K5** H-r$n:feJi 

[0056] T--U v-i/f*, '>x->'NS:K^£;«SS§*-<i> 
IXOaiL, H2tcS^-rJ:dlc. R I E^§T'fi±Ji<?)p 
lilny^'^' hJi3 1 1 , Pi3^'5-y ^'S3 0fc$^x.yf• 
>:/LT, 4um(r)Xh^^-rm$:^-t&V yi^m^t 

ftciifeUiOJiSr y i^'J^«?i:-r.S w t tc J: 0 , vg14S<7) 

<, B3«**iSTL^lr^. y-yi^'je^fi. y -yi^-^ffitc 

-7X9^^^^. ll2tc^-r<J:oli. ;^h5'fr«0'J 
•yytCitL-C:t&*t«50cL-C, nSSi3 4 Srm-T'^t 

[0057] mzpm-:iy-^9ym3 i<ou ■■/i^miM 
<7iim±mizi^ iiAuiO'5r-i)Pmffi32 imi^-r 

Ti fcA 1 J:'9=3:-5>n«fii34?:^h7'fr 
«<7)|g 2 i0^jtfe^«:® 2 3 c7){5{5'^®lC}^^-ri. . 
^:*i«i«ir^ffitl48 0%iJLtiO®S5rt>3. dOiatc: 
P ^ 3 2 (CM LTStSft«:C^ 2 2 

im'Tizth. mmiiSiTZ-^h±x'tmizmf]X'S> 

S. §<?>tc, pmffii: n«)ffifc<?)StCS i OaiO^S 
^IS3 5^Jg«Ucm, ^■cOiteSi)S3 5&^hLTpm 
«i 3 2 i: m%mzmm LJt A u J: 0 =3:6 p^n' y Hmfii3 



(7) 



11-2 14746 



[00 581 UU:<0j:3fe:LT. nWmbpfmtfrm 

^rs^aos-^ytrv'^'L, mR<om^^50Mmt 
100 591 mmmtk. mmmmix-s^^^yLx, 
x*)^j:?>mmi^mmf:msiL. fi»fc:p«fli3 2k:^ 
tzh. m&^zii\^x. mm.-^mm2. skA/c 

mK mmm&4. OVT, %SjgJft4 0 5nm<03iigE% 
«**liig:?il, 5 0 0ffiJiaJa±i7)^<&5r^L. g!5fecOM 
riRi=^t=Jt«LT 1 Of&ULh^iJW»<K0± 

[00 60] immT\%tme\,zii\>'X.'^\<7im. 

itW^mW.m2 2<iZS i «r 1 X 1 0'7/cm3 h'-rt 

-^cfl!^{±|5I:K^CLTLD5^1^&^f?t. -etOiisS*, *)5feCT5 

[00 6 1] 

[ ^Bflcojan ] tLhiJiBS t i ^ t;: , *^Ha<o«^ T 
«ttJai:S«i:e9lSIl=J)-5 nMTMiBjS- 1 x l O'^ 

/ c mmT<r>^ 1 cO^-fk%^*^T\ n 

^llfig^T't^StOf. <}i:{CnS^!H!)$r3x 1 O'S/c 

m^vxt<r>m2<r>m.{dm^i¥mti'mMLX < mmx-^ 

$f>t;nS^*$!t5!l2:lxlO'7/cm3OT 



m2<^mitwmii:m<r)m.in.m^i&TT^x . ^^>)t 
mmn^^a^^fzibiz. imizmm<r>B:\>^mitwmfm 

[Hffit^fsm^iKHB] 
-tmmmmx'fih. 

[03] *:«BB<OLEDjR^i:8!3ft<OLED3g^^<r)lim 

1,20 

mi<og-(t;!|4)^(*® 

Hi! 

pm^:^-i Fit 
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